INTRODUCTION
The n e x t g e n e r a t i o n o f commercial a i r l i n e r s i s l i k e l y t o be powered by an advanced turboprop t h a t o f f e r s t h e promise o f considerable f u e l savings w h i l e s t i l l a l l o w i n g f o r a c r u i s e speed s i m i l a r t o t h a t o f c u r r e n t t u r b o f a n a i r c r a f t ( r e f s . 1 and 2 ) . However, t h e r e i s considerable concern about the p o t e n t i a l noise generated by such a i r c r a f t , which includes both i n -f l i g h t cabin n o i s e and community noise d u r i n g takeoff and landing. This noise may be a f f e c t e d by p r o p e l l e r i n f l o w c o n d i t i o n s i n c l u d i n g i n s t a l l a t i o n e f f e c t s such as p r o p e l l e r a x i s angle o f a t t a c k and i n t e r a c t i o n s between a wing flow f i e l d and the p r o p e l l e r .
I n t h i s i n v e s t i g a t i o n the p r o p e l l e r i n f l o w c o n d i t i o n s caused by a wing i n s t a l l a t i o n were determined from measurements o f the unsteady blade surface pressures. This was done by c a l i b r a t i n g each measuring s t a t i o n i n terms o f p r o p e l l e r i n f l o w angle ( p r o p e l l e r alone c o n f i g u r a t i o n ) and then u s i n g t h i s c a li b r a t i o n t o determine the unknown i n f l o w c o n d i t i o n s o f the wing i n s t a l l a t i o n . The i n f l o w c o n d i t i o n s i n terms o f l o c a l i n f l o w angle a t the p r o p e l l e r f a c e were then c o r r e l a t e d t o the f l y o v e r noise. This paper presents blade surface pressure and a c o u s t i c r e s u l t s for the SR-7A scale model of t h e "Large-scale The maximum a i r - Figure 1 is a photograph of the SR-7A p r o p e l l e r i n s t a l l e d i n the 9-by 1 5 -f t t u n n e l . The a c o u s t i c i n s t r u m e n t a t i o n i s c l e a r l y seen i n t h i s p i c t u r e . The SR-7A p r o p e l l e r was powered by an a i r t u r b i n e d r i v e system. The support s t r u c t u r e for the p r o p e l l e r extended between the tunnel floor and c e i l i n g , as shown i n f i g u r e 1 . p o s i t i o n i n g o f the p r o p e l l e r a x i s t o angle o f a t t a c k i n t h e h o r i z o n t a l plane. Figure 2 is a p l a n view o f the p r o p e l l e r i n s t a l l a t i o n i n the 9-by 1 5 -f t tunn e l . The p r o p e l l e r r o t a t e d i n a clockwise d i r e c t i o n l o o k i n g downstream, and a p o s i t i v e angle o f a t t a c k corresponds t o the p r o p e l l e r a x i s angled toward the near w a l l . This s t r u c t u r e was mounted on a t u r n t a b l e to p r o v i d e remote A complete d e s c r i p t i o n of the a c o u s t i c i n s t r u m e n t a t i o n can be found i n reference 5. over noise, was used i n t h i s paper.
Only the t r a n s l a t i n g probe microphone data, which measures f l y -
The SR-7A p r o p e l l e r i s an a e r o e l a s t i c scale model o f the SR-7L p r o p e l l e r which is f l y i n g on a m o d i f i e d Gulfstream I 1 t e s t a i r c r a f t . Cruise design parameters for t h i s p r o p e l l e r a r e presented i n t a b l e I. The d a t a presented i n t h i s paper are f o r the takeoff/approach c o n d i t i o n a t 0.2 Mach number. values used a t t h i s airspeed were a blade angle o f 37.8" and a blade t i p speed o f 244 m/sec (800 f t l s e c ) . This gives a nominal t a k e o f f advance r a t i o o f 0.88 and power c o e f f i c i e n t o f 0.85.
"Design" Figure 1 shows a s t r a i g h t wing i n s t a l l e d downstream o f t h e p r o p e l l e r . Three d i f f e r e n t wing c o n f i g u r a t i o n s were i n s t a l l e d downstream o f t h e SR-7A prop e l l e r t o i n v e s t i g a t e the a c o u s t i c e f f e c t s of p r o p e l l e r -w i n g i n t e r a c t i o n . These c o n f i g u r a t i o n s included a s t r a i g h t wing and two 30" swept wings u s i n g the s u p e r c r i t i c a l a i r f o i l s e c t i o n ( r e f . 6). Only t h e d a t a from the s t r a i g h t wing w i l l be used i n t h i s paper.
The p r o p e l l e r p i t c h change a x i s t o wing l e a d i n g edge spacing for t h e s t r a i g h t wing was 0.54 wing chords or 0.53 p r o p e l l e r diameters. s t r a i g h t wing angle of a t t a c k could be changed r e l a t i v e t o the p r o p e l l e r a x i s t o explore the e f f e c t o f p r o p e l l e r "droop angle". Droop angle i s d e f i n e d i n t h i s paper as the angle o f the p r o p e l l e r a x i s r e l a t i v e t o wing chord measured n e g a t i v e downward, as shown i n f i g u r e 3.
The s t r a i g h t wing chord was 0.61 m (2.0 f t ) . ' 
I n a d d i t i o n , t h e
Blade Mounted Pressure Transducers (BMT's) Several K u l i t e m i n i a t u r e pressure transducers were mounted on two d i f f e re n t blades i n p o s i t i o n s shown i n f i g u r e 4(a). Two chordwise s t a t i o n s were used a t both t h e 0.75 and 0.88 r a d i u s , w h i l e o n l y the 0.1 chord s t a t i o n was used a t 0.65 r a d i u s . The BMT's measuring the s u c t i o n surface were a l l mounted on one blade w h i l e the pressure surface measurements were made on a second blade. The two instrumented blades were always a d j a c e n t l y mounted i n t h e hub t o measure flow p r o p e r t i e s from the same blade passage. The transducers were mounted to measure the pressure through a 1.55 mm diameter h o l e d r i l l e d through t h e blade as shown i n f i g u r e 4(b>. order t o i n s u r e t h a t t h e transducers were s t r a i n i s o l a t e d from t h e blade. The RTV adhesive was a l s o used t o f a i r t h e BMT i n t o t h e blade surface. An RTV s i l i c o n e adhesive was used for bonding i n The s i g n a l s from t h e BMT's a r e taken o f f t h e rotor through a r o t a r y transformer. Transducer e x c i t a t i o n i s a 30 kHz s i g n a l brought across t h e r o t a r y transformer. The transducer o u t p u t amplitude modulates t h e 30 kHz c a r r i e r which i s demodulated, a m p l i f i e d , and recorded on FM tape. The system frequence response was 10 kHt or 65 t o 130 s h a f t orders ( P o r d e r s ) depending on rpm.
The recorded BMT s i g n a l s , along w i t h t h e once-per-revolution pulse were
The d i g i t a l i n f o r m a t i o n was d i g i t i z e d a t r a t e o f 128 samples per r e v o l u t i o n . then processed on a malnframe computer t o produce 100 time ensembles o f t e n r e v o l u t i o n s each. These were averaged ( t i m e domain averaging), and Fast F o u r i e r Transforms (FFT's) were taken t o produce enhanced spectra and phase (azmuthal) angles. I n a d d i t i o n , FFT's were taken o f the i n d i v i d u a l time ensemb l e s o f data and then averaged i n the frequency domain. These spectra were o n l y used t o monitor data q u a l i t y . orders ( P ) .
A l l spectra produced are i n terms o f s h a f t
RESULTS AND DISCUSSION
The p r o p e l l e r alone c o n f i g u r a t i o n was r u n f i r s t so t h a t the i n f l o w angle was known. f u n c t i o n o f i n f l o w angle. The p r o p e l l e r a x i s was s e t t o v a r i o u s angles o f a t t a c k r a n g i n g from -10" t o +15". Next t h e wing was i n s t a l l e d downstream o f the p r o p e l l e r and t h e blade pressure response was measured over wing angles o f a t t a c k r a n g i n g from o f -2" t o +8" and engine droop angles from +2" to -4". The e q u i v a l e n t i n f l o w angle was then determined by matching t h e measured first harmonic (one P) response t o t h a t of t h e p r o p e l l e r alone c o n f i g u r a t i o n . I n e f f e c t , t h e BMT's were c a l i b r a t e d i n terms o f the p r o p e l l e r i n f l o w angle and then used t o measure unknown i n f l o w c o n d i t i o n s . The f l y o v e r noise i n terms o f the blade passing frequency (BPF) tone l e v e l was then c o r r e l a t e d w i t h t h e i n f l o w angles for the p r o p e l l e r for b o t h propel l e r l w i n g and p r o p e l l e r alone c o n f i g u r a t i o n s .
The pressure response for a l l the BMT l o c a t i o n s was measured as a P r o p e l l e r Alone Both unsteady blade surface pressure and noise measurements were made w i t h the p r o p e l l e r a x i s s e t a t angles between -10" ( p i t c h e d down) and +15" t o the tunnel flow. The blade angle was s e t a t 37.8" and the t i p speed was vari e d between 183 t o 290 m/sec (600 t o 950 f t / s e c ) . The advance r a t i o , J , corresponding t o t h i s t i p speed change was 1.18 to 0.74. The noise measurements w i l l be discussed i n a l a t e r s e c t i o n o f t h i s paper.
A t y p i c a l s e t o f pressure waveforms for a case where t h e r e i s an i n f l o w angle t o the p r o p e l l e r i s shown i n f i g u r e 5. Here the p r o p e l l e r was r u n a t an angle o f 100 t o t h e flow and 100 synchronous averages were used, although l i tt l e sample t o sample v a r i a t i o n s occurred. azimuthal angle, 9, i s t h a t 0" corresponds t o the v e r t i c a l d i r e c t i o n f o r an a i r c r a f t i n s t a l l a t i o n , w i t h i n c r e a s i n g angle measured i n the d i r e c t i o n o f r o t at i o n .
The convention used for blade
For t h i s t e s t s e r i e s , 0" i s toward the near w a l l , as shown i n f i g u r e 2.
The BMT r e s u l t s shown i n f i g u r e 5 a r e for both the pressure and s u c t i o n surf a c e a t the 0.75 r a d i u s and 0.1 chord l o c a t i o n for a t i p speed o f 244 m/sec (800 f t / s e c ) corresponding t o a J o f 0.88. The angular i n f l o w t o t h e p r o p e l l e r causes an approximately s i n u s o i d a l v a r i a t i o n i n blade angle o f a t t a c k as i t r o t a t e s . The magnitude o f t h i s v a r i a t i o n i s l e s s than the angle the p r o p e l l e r a x i s makes w i t h the flow due t o t h e blade advancing i n t o t h e f l o w as the blade angle increases and r e t r e a t i n g as the blade angle decreases. This v e c t o r d i agram e f f e c t i s a f u n c t i o n of blade r a d i a l l o c a t i o n and advance r a t i o . F i g u r e 6 shows t h i s e f f e c t by u s i n g an expression s i m i l i a r to, b u t more general than equation ( 9 ) o f reference 7 (note: J i s d e f i n e d d i f f e r e n t l y i n t h i s r e f e rence) t o generate the curves. The two curves shown represent a t y p i c a l takeoff/approach c o n d i t i o n ( J = 1) and a c r u i s e c o n d i t i o n (3 = 3 ) . For t h e data presented i n t h i s paper, t h e J = 1 curve i s a good guide t o t h e e f f e c t o f A s shown i n f i g u r e 8, v e r y l a r g e changes i n unsteady pressure c o e f f i c i e n t occur on the s u c t i o n surface. There seems t o be a p a t t e r n i n t h e r e s u l t s near the l e a d i n g edge (0.1 and 0.15 chord). The 0.88 r a d i u s , 0.15 chord l o c a t i o n shows a very r a p i d i n i t i a l decrease i n response t o increased l o a d i n g (decreasi n g J ) and then a more gradual drop. This suggests t h a t t h e r e may be a peak a t a J above 1.18. The 0.75 r a d i u s 0.1 chord l o c a t i o n shows a l a r g e peak a t a J o f 0 . 9 4 w h i l e the 0.65 r a d i u s 0.1 chord s t a t i o n seems t o be approaching a peak beyond the range of the data (below a J of 0.83). These peaks i n t h e response o f the s u c t i o n surface l e a d i n g edge BMT's seem t o be moving r a d i a l l y inward as the l o a d i n g increases.
There may be a connection between the data presented here and o f a l e a d i n g edge v o r t e x . The s t u d i e s i n reference 7 show o i l flow t i o n on s i m i l i a r blades t h a t suggest the presence o f a l e a d i n g edge t h e motion v i sua1 i z av o r t e x t h a t merges w i t h the t i p v o r t e x when l o a d i n g c o n d i t i o n s are s i m i l i a r to those i n t h i s i n v e s t i g a t i o n . The photographs presented i n reference 8 were used t o crea t e f i g u r e 10, which shows the l o c a t i o n s of t h e reattachment l i n e s for t h r e e d i f f e r e n t advance r a t i o s on t h e CRP-XI blade a t a f l i g h t Mach number o f 0.25.
Although the blade l o a d i n g and Mach number i n f i g u r e 10 are s i m i l a r t o those i n t h i s i n v e s t i g a t i o n , i t should o n l y be used as a q u a l i t a t i v e guide to t h e flow c o n d i t i o n s present i n t h i s data. migrates from the t i p o f the blade toward t h e hub as t h e l o a d i n g increases from J --1.67 t o 1.05. Not o n l y does the v o r t e x move t o a lower r a d i u s b u t downstream along the chord, t o a p o i n t t h a t a t h i g h loading, the reattachment l i n e has moved t o the t r a i l i n g edge a t a s u b s t a n t i a l d i s t a n c e from the t i p .
I t i s p o s s i b l e t h a t t h i s growth o f the v o r t e x system w i t h l o a d i n g i s r e s p o n s i b l e f o r t h e progression o f the peak i n the response o f the unsteady pressure t o lower r a d i a l s t a t i o n s as l o a d i n g increases. I t a l s o appears t h a t the v o r t e x can grow beyond the 0.5 chord s t a t i o n a t the 0.88 r a d i u s l o c a t i o n . This might account for the h i g h unsteady l o a d i n g peak f o r t h i s l o c a t i o n shown i n f i g u r e 8. Genera l l y , t h e 0.5 chord s t a t i o n has a low response t y p i c a l of the 0.75 r a d i u s data. I t could be speculated t h a t if the blades were loaded beyond t h e l i m i t s o f the present data, even the s t a t i o n a t 0.75 r a d i u s and 0.5 chord would have a response peak s i m i l i a r t o t h e o t h e r s t a t i o n s . D e t a i l s such as t h e l o c a t i o n o f t h e v o r t e x corresponding t o the peak unsteady pressure response a r e n o t appare n t i n t h i s i n v e s t i g a t i o n .
The v o r t e x system near the l e a d i n g edge The phase angles shown i n f i g u r e s 8 and 9 a r e i n t e r m s o f l e a d or l a g r e l a t i v e t o the f o r c i n g f u n c t i o n (change i n angle o f a t t a c k ) . A s shown i n f i g u r e 5, on the pressure surface the f o r c i n g f u n c t i o n has a maximum a t an a z i - 
With one exception
The low pressure amplitude a t t h i s s t a t i o n makes the Figure 9 shows the response o f the same f i v e s t a t i o n s on t h e pressure surface. g e n e r a l l y lower on the pressure surface than the s u c t i o n surface. s t r o n g trends w i t h l o a d i n g and the phase angles are a l l near 10" l a g . Although t h e steady l o a d i n g i s i n c r e a s i n g w i t h decreasing J , the p e r i o d i c change i n blade angle o f a t t a c k i s decreasing, as p r e v i o u s l y discussed. s i t e e f f e c t s may e x p l a i n the f l a t unsteady pressure response w i t h 3. The t r e n d i n the BMT's near the l e a d
i n g edge t o higher unsteady response as t h e r a d i u s decreases can a l s o be explained by changes i n the p e r i o d i c v a r i a t i o n i n blade angle o f a t t a c k . A s mentioned p r e v i o u s l y , t h e r e i s a s i g n i f i c a n t increase i n t h e p e r i o d i c blade angle o f a t t a c k change w i t h decreasing r a d i u s .
A s might be expected, the magnitude o f the pressure c o e f f i c i e n t i s There a r e
These two oppo- The response a t 0.88 radius ( fig. ll(b) ) also has higher response on the suction surface. However, the 0.15 chord location shows lower amplitude response than the 0.5 chord location, which i s not expected from steady-state pressure profiles on this blade section. The unusual pressure response behavior was. covered in the discussion of figures 8 and 9. Recall that this behavior may be related t o the change in the location of the leading edge vortex.
All stations have a fairly linear response t o up, which indicates no major flow changes are occurring at the angles of attack included in this investigation. The curves in figure 1 1 d o not go through the origin but seem  t o cross the horizontal axis at about -1.5". This might be a result of With the wing at zero an-6 -2 - (1.5 uW) for U L = 0" Hence, a r e l a t i v e l y l a r g e value o f droop i s necessary t o o b t a i n a p r o p e l l e r i n f l o w angle o f zero. o f -8" t o a l i g n t h e p r o p e l l e r w i t h the flow.
For example, when uW = 4" i t would take a droop angle With t h e l o c a l i n f l o w angle o f t h e p r o p e l l e r known over a wide range o f droop angles and wing angles o f a t t a c k , a c o r r e l a t i o n can be found f o r t h e f l yover noise data. f l y o v e r blade passing frequency tone l e v e l s a g a i n s t UL. b o t h the p r o p e l l e r / w i n g c o n f i g u r a t i o n s and t h e p r o p e l l e r alone cases. Almost a1 1 the data c o l lapses t o w i t h i n one decibel ( a c o u s t i c data repeatabi 1 i t y ) on t h i s p l o t . This i n d i c a t e s t h a t t h e noise i s c o n t r o l l e d by the l o c a l i n f l o w angle, which a l s o sets t h e unsteady blade loading. The f i r s t o r d e r i n s t a l l at i o n e f f e c t o f t h e wing i s a u n i f o r m i n f l o w angle a t t h e p r o p e l l e r . p r o p e l l e r o p e r a t i n g a t an angle to t h e flow might be expected to generate t h e same noise as a wing i n s t a l l a t i o n causing t h e same i n f l o w angle. p e l l e r t h e r e i s approximately 0.6 dB increase i n t h e maximum BPF f l y o v e r noise for every degree increase i n i n f l o w angle. 
-

10 - 
